I. INTRODUCTION
1. In recent years, there has been renewed interest in access to jobs in relation to transport connectivity. In the developing world, about 13 percent of youth (ages 15 to 24) are unemployed. In particular in Sub-Saharan Africa, about 14 million working age people are added to the labor market every year (McArthur, 2014) . Ensuring sustained access to jobs seems to be a prerequisite for inclusive and robust economic growth. In Africa, urban unemployment is often much higher than the national unemployment rates ( Table 1 ) (Girsberger and Meango, 2017) . In addition, vulnerable employment, such as informal jobs and family workers, is especially high at nearly 70 percent in Sub-Saharan Africa (ILO, 2016) .
2. Access to jobs is not a new topic in the literature but has long been discussed in different but relevant contexts, such as urban growth and mobility, traffic congestion, car ownership, modal choice, residential locational choice, environmental sustainability and gender inequality in the labor market. For example, Hymel (2009) , using a historic highway development plan as an instrument, shows that traffic congestion weakened subsequent employment growth in U.S. metropolitan areas. Jin and Rafferty (2017) also find a similar result particularly during the 2000s. 3. In a basic monocentric urban model, all employment is assumed to be in the center of a city, called the central business district (CBD). The people's demand for travel to work, which is often a main cause of urban traffic congestion, generally depends on the marginal transportation cost and where they are located (e.g., Muth, 1969; Mills, 1972) . Thus, the residential locational choice is dependent on the housing price gradient in a city (e.g., Atack
and Margo, 1998; Gedal and Ellen, 2018) . Therefore, whether people commute to work is essentially determined by transport connectivity and residential land values.
4. The modal choice literature has also extensively been discussing travel decisions by commuters for a very long time. In addition to pioneer studies in this area (e.g., McFadden, 1974a McFadden, , 1974b Hensher, 1986; Hensher and Greene, 2002) , for example, Bento et al. (2005) examine the commute mode choices in relation to urban structure and public transit supply in the United States, showing that poor people and women are more likely to use public transportation for commuting. In particular, bus ridership is found to increase with the supply of bus transit services and the relative spatial concentration of jobs to housing. In their analysis, notably, a choice of nonmotorized transit is included, that is, walking and bicycling.
Interestingly, as jobs-housing balance increases, people are more likely to walk to work, which is often referred to as the compact city.
5. Related to the above, some studies discuss job accessibility in connection with car ownership. In particular, where population density is low, quality public transportation services are often difficult to provide, and therefore, car dependence must of necessity increase. In Barcelona and Madrid, it is found that the reduction of travel time to jobs reduces the number of second or third car owners and substantially increases the number of households without a car (Matas et al., 2009) . The findings in New York by Salon (2009) look consistent: New Yorkers are sensitive to travel time and costs to decide how many vehicles they own.
6. From the gender point of view, labor economics discusses gender differences in access to jobs in the labor market. Gobillon et al. (2015) analyze micro employment data in France and find that females have significantly lower access to jobs, especially, high-paid jobs, such as executive job positions. There are two different arguments: First, as Gobillon et al. discuss, the accessibility to jobs may be more limited to women in the labor market or job assignment framework. Second, in the transportation or mobility context, women may also have disadvantage over men: Female workers are often more likely to rely on public transportation (Bento et al., 2005) or walking (Mondschein and Taylor, 2017) . In addition, public transit may not be safe for women and girls (e.g., Ceccato 2017).
7. The firms' locational choice is perhaps another side of the job accessibility issue: While employees decide where they live and how they commute to work, employers or firms also choose where they are located, possibly depending on transport connectivity. According to Sweet (2014) , firms are more likely to relocate if they face large-scale traffic congestion at the regional level in the Philadelphia Metropolitan Area. In general, firms prefer to locate themselves where access to transport infrastructure is good (e.g., Cieślik and Ryan, 2004; Boudier-Bensebaa, 2005; Milner et al., 2006) . 8. Finally, there are an increasing number of studies that aim to develop various indices measuring job accessibility. In recent years, various GIS-based high-resolution data have become available even at the city level, which allow to estimate all kinds of connectivity and accessibility in different ways (e.g., Cheng and Bertolini, 2013; Wang and Chen, 2015; Saghapour et al. 2016) . The current paper also uses some spatial data to compute transport connectivity to the central business district (CBD) and job locations. 9. The current paper aims at examining the impact of public transit connectivity on access to jobs, particularly focusing on wages earned by those who commute to work. Given the above discussion in the literature, there are two issues that constitute this result chain: First, among others, accessibility to public transit may affect people's decision on whether or not to commute to work. Second, once people are employed and decide to commute to work, the level of wages is determined. Commuting is generally costly. Thus, holding everything else constant, commuters' wages must be higher than those that non-commuters earn.
10. The paper explores this commute-wage relationship by using data from Antananarivo, the capital of Madagascar. Despite the accelerating urbanization in Africa, currently, little evidence is available for policy makers in the region. The current paper contributes to adding new evidence to the literature. Understanding how individual households decide to commute to work is essential for urban planners and transit developers. Methodologically, the paper relies on an instrumental variable (IV) technique to deal with potential endogeneity associated with the commute decision, which is another contribution to the literature.
11. The rest of the paper is organized as follows: section II provides a brief overview of Antananarivo; section III develops our empirical strategy, and section IV explains our data; section V discusses the main results; and section VI examines the robustness of the results; and then, section VII concludes.
II. OVERVIEW OF URBAN TRANSPORTATION IN ANTANANARIVO
12. As experienced in many African countries, Madagascar is currently experiencing very rapid urbanization. According to UN-Habitat (2016) , the population of Antananarivo, the capital of Madagascar, more than doubled in the last decade, from 1.2 million in 1995 to 2.6 million in 2015. It is the fourth largest city in East and Southern Africa, following Dar es Salaam (5.1 million), Nairobi (3.9 million) and Addis Ababa (3.2 million) (Figure 1 ).
Attracting more people and more businesses, the city population is projected to continue growing to 4.1 million by 2025.
13. Similarly to other large cities in Africa, Antananarivo is the growth center in Madagascar. The country's GDP per capita was about US$401 in 2016, and the total population is about 25 million. Thus, about 10 percent of the total population lives in Greater Antananarivo. More than half of Malagasy establishments, which amount to about 120,000, are located in Antananarivo (Figure 2) . Analamanga is a region surrounding Antananarivo and its neighboring communes. Per capita GDP in Antananarivo is estimated to US$751, which is 80 percent higher than the national level. 14. Unfortunately, however, people do not seem to be able to take full advantage of existing job opportunities in the city, because of aggravating transport constraints. In recent years, Antananarivo has been facing unmanageable traffic congestion. Because of limited space dedicated to transport infrastructure and poorly regulated transport services, the accessible areas to the central business district (CBD) is constrained (Figure 3) . 15. Since accessibility to the CBD is poor, many people prefer to live near the CBD. About 60 percent of the total city population live within 5 km of the CBD, which is assumed to be Lake Anosy in this paper (Figure 4) . Thus, two options are left to people: The first is to pay significantly high rents and live around the CBD, and the second is to live far from the center of the city and commute to work (i.e., incurring transport costs and time). According to World Bank (2017), the average household consumption per capita was about MGA 2 million in 2016. Using a share of private consumption to GDP in the national accounts data (0.79), per capita GDP is estimated at MGA 2.6 million or US$751.
2
Global experiences indicate that many large cities use 15 to 25 percent of built-up areas for transport infrastructure (Angel et al., 2016) . However, the share in Antananarivo is merely 5.7 percent.
3
The land value gradients are very steep in Antananarivo (see a companion paper, Iimi (2019) ). The highest rate around Lake Anosy is about 1.1 million Malagasy ariary (MGA) or US$300 per m 16. The main transport means for most of the city residents is minibus, which is called taxibe. There are also suburban buses. It is estimated that more than 300,000 people use minibuses every day. The bus services are provided along about 130 routes by about 80 operators with over 4,000 buses. They are normally organized as cooperatives at the commune level but not well regulated or coordinated. As the result, many bus routes are duplicated and concentrated on certain routes, aggravating, not easing, traffic congestion.
17. Currently, about 25 percent of the total labor force is estimated to use buses to commute to work ( Figure 5 ). According to a recent household survey in Antananarivo, in which about 2,300 households were interviewed, 4,746 of 9,350 household members were 18 to 60 years old and considered as potential labor force. Of those, 2,953 people were actually working. About half of them are self-employed or engaged with family businesses. Another half were wage employees, of which 879 persons reported how much they actually earned.
Of those, about one-third, i.e., 287 persons commuted to their workplaces by bus.
18. Poor people cannot even use public transit. The available data do not include household income but allow to estimate consumption per capita. About 75 percent of the poorest cohort walk to work (Figure 6 ). When walking is excluded, poor people are more likely to use public buses. The rich own their private vehicles or can use taxi to commute. Rich people spend more money on transportation, however, in relative terms, the burden of transportation spending is heavier to the poor (Figure 7 ). This looks to exceed the regional norm, which is less than 5 percent (Lozano-Gracia and Cheryl, 2014). Clearly, job access and transport connectivity must be of necessity related to poverty and affordability issues. 
III. EMPIRICAL STRATEGY
19. To examine the impact of commuting to work on wage, as discussed above, the following wage equation is considered.
ln
( 1) where individual i is assumed to earn wage W, depending on her characteristics, Wi, such as age, sex and education attainment. The wage level is also dependent on whether or not her commutes to work, which is represented by a dummy variable Di. ε is an idiosyncratic error distributed independently and identically.
20. As in the classical union-wage literature (e.g., Heckman, 1979) , a problem to estimate the equation is that the decision on commuting is potentially endogenous. It is not randomly assigned. Therefore, Ordinary Least Squares (OLS) regression is likely to be biased. To deal with this issue, the following selection mechanism is considered:
where the dummy variable Di is set to one if household member i commutes to work. The decision is assumed to depend on a set of connectivity and household characteristics, Zi.
21. In basic monocentric urban theory, the people's demand for commuting is generally determined by marginal transportation costs and where they live. And the residential locational choice is dependent on housing price gradients (e.g., Muth, 1969; Mills, 1972; Atack and Margo, 1998) . Therefore, Z must of necessity contain the variables representing (i) transport connectivity to workplaces, (ii) household income level, and (iii) housing conditions, such as the quality of houses, e.g., access to public infrastructure services. Of course, the commute decision may also depend on the household member i's characteristics, Xi, as well.
22. To estimate Equations (1) and (2), the paper primarily uses the endogenous treatment effects model, with the cluster-robust variance-covariance combined. Our unit of analysis is household members, not households. In each household, more than one household member may work. For obvious reasons, there would likely be common unobservables shared within a household. For endogeneity, the standard Hausman exogeneity test is performed. 25. The summary statistics are shown in ( Table 2) . The average monthly salary is about MGA 276,000 or US$78. On a simple average comparison, commuters were paid 20 percent more than noncommuters (Figure 8) . Using geo-referenced household location data, three variables measuring transport connectivity are constructed: (i) distance to the nearest Taxi-be route (TAXIBE), (ii) distance to the nearest suburban bus route (SUBBUS), and (iii) estimated travel time to the CBD (MINICBD). In our sample, it takes on average 30 minutes for households to go to the CBD, with a wide variation from nearly zero minutes to 80 minutes (Figure 9) . Also see Figure 3 above.
26
. With respect to public transportation, many households have good access to it: The mean distance to the nearest taxi-be and suburban bus route is about 530 meters and 480 meters, respectively. Note that the distances are measured from the bus routes, not bus stops.
There are no strictly designated bus stops in the Malagasy bus systems. People know where many buses stop, however, in practice, people can get on anywhere along the routes. That is why the main national roads to the center of the city, such as RN1, RN2, RN3, RN4 and RN7, are too congested currently: Buses stop and go no matter where, causing massive traffic congestion.
27. Because of our sampling strategy, several suburban areas were surveyed, in which taxibe, which operates mainly in the center of the city, may not be available. Thus, the maximum distance from the taxi-be route is longer than that from the suburban route. Suburban bus services connect most remote areas, however, density and frequency of services are low (Figure 10) . As the result, the poor tend to have limited connectivity to the CBD. 
V. ESTIMATION RESULTS

28.
To deal with the potential selection bias, the wage equation is estimated with the endogenous treatment effects. The results are shown in Table 3 . The first model includes the district specific fixed effects, which may capture some unobserved local characteristics. The results turned out very similar regardless of the district dummy variables are included or not.
29. Regarding the endogeneity of the commute decision, as shown at the bottom of the table, ρ is found to be significantly positive. Formally, the endogeneity test statistics are also calculated. The test statistics are estimated at 13.56 and 10.94, respectively. Both are statistically significant, suggesting that the selection of commuting is likely to be endogenous.
30. Our results indicate that commuters earned more than noncommuters. This is a main result of this paper. The coefficient of D is estimated at 0.691 or 0.674 and is statistically significant. Thus, as expected, commuting is profitable, meaning that better employment opportunities exist away from where they live. Otherwise, people would not spend time on commuting. However, to allow people to commute to work, the transport connectivity is crucial. The commute decision is significantly dependent on the access to public transit, especially to taxi-be, minibus around the central city. The coefficient of TAXIBE is estimated at -0.076, which is statistically significant: Thus, holding everything else constant, those who live closer to taxi-be routes are more likely to commute. On the other hand, the proximity to suburban bus does not have a significant impact. The coefficient of travel time to the CBD is also not significant, either. Therefore, it can be concluded that the proximity to taxi-be is of particular importance to improve people's accessibility to jobs.
With respect to other coefficients, in the wage equation, the results imply that human
capital is important to earn higher wages: The coefficient of AGE is positive and significant.
The education variables also have all positive and significant coefficients. In particular, the impact of education is higher when the individual attains a higher level of education, such as secondary and tertiary education. For instance, TERT has a coefficient of 0.622, which is greater than the coefficient of PRIM (0.194) and SECO (0.284).
32. Male wages are significantly higher than female wages. The coeffect of MALE is estimated at 0.495, which is significant, suggesting that there is gender inequality in salary in Madagascar.
33. In the commute decision equation, it is found that younger people and women are more likely to commute by public transportation. The coefficient of AGE is estimated at -0.324, meaning that the elder are less likely to use buses. On the other hand, the coefficient of MALE has a significantly negative coefficient, indicating that women are more likely to commute by buses. These are consistent with the practical views in Madagascar. 35. There are several possible reasons for this. First, the current bus operations may not be provided to the poor, who may need to be served more. As discussed, the current routes may not be extended to suburban areas where many poor people live. In addition, affordability may also be an issue. The current bus fares are MGA 500 to MGA 900 or US$0.14 to US$0.24 per ride, which are not necessarily too expensive. However, taking the level of services (i.e., slow speed, too many stops, too congested and unsafe) into account, the real fares may not be so low. As the result, relatively rich people tend to benefit more from public transport services. This is consistent with the estimated household quantile effects. The dummy variables for the poor households, i.e., Q1 or Q2, tend to have greater coefficients in absolute terms.
36. Second, there may be a measurement error in our rent variable. In the sample, many households actually do not pay any rent. They are homeowners and relatively rich. In the above estimation, a conventional approach to avoid the logarithm of zero was used, i.e., adding a small positive value to RENT. However, this may cause significant bias in the estimation results (Battese 1997) . Thus, the Battese specification, which introduces dummy variables, dRENT, for the incidence of zero inputs, is used. The results are shown in Table 4 .
The statistical significance of RENT was lost, while the rest of the coefficients remain broadly unchanged: The impact of commuting on wages is significantly positive, and the proximity to taxi-be services is critical to support the commuting decision. 
VI. ROBUSTNESS
37. Related to the selection endogeneity, one may wonder whether the instruments are statistically valid. To formally test this question, the instrumental variable (IV) regression is performed. Although this is a linear model, it is still valid to use. Not surprisingly, the results are similar to the above (Table 5) . Commuting increases wages, and the proximity to taxi-be routes has a positive impact on the commuting choice. Human capital is important to earn more. Women are more likely to use buses to commute, and yet, they earn less than men.
The conventional endogeneity test statistics are estimated at 8.57 and 7.70, respectively.
Thus, the exogeneity hypothesis can easily be rejected: The commuting selection is endogenous. On the other hand, the overidentifying restriction test statistics are 4.48 and 5.70, which cannot reject the hypothesis that there is no correlation between the selection status and the error term. Therefore, our proposed instruments are valid to control for the endogeneity of the commuting choice in the system. 38. One may also be worried that the wage equations are different between the treated (i.e., commuters) and the untreated (i.e., noncommuters). The above treatment effects model implicitly assumes that they are the same. With the two groups differentiated, the treatment effects model can be rewritten by this:
Di represents the treatment status and the selection mechanism is the same as Equation (2) above.
39. The results are shown in Table 6 . There are slight differences in the wage equation between the treatment and control groups. For examine, the gender inequality in wages looks greater among noncommuters. That is, informal employees or family business workers are faced with a greater gender inequality, which may be plausible in the Malagasy economy.
However, the results are broadly similar to the above. It can be concluded that the differences in the wage equations are negligible, and our main results shown above remain robust. 40. Finally, the possible selection bias is examined. As discussed above, a number of household members were excluded from the above estimation. First, self-employees or those who engaged with family business were not asked to about their salaries during the survey.
Second, people may not have reported their wages even if they were employed in the formal sector. There may be a systematic difference between those who answered their wages and those who did not. This raises a concern about the sample selection bias.
41. To deal with this problem, the conventional selection bias model is examined (e.g., Heckman, 1979; Lee, 1978) . The following selection mechanism is considered:
where d1 is set to unity if a household member is employed in the formal sector and reported her wage level in the survey. The same independent and instrumental variables are used as the above. To avoid further complication, the commuting choice variable, D, is replaced with its predicted value, . That is, our baseline model is the two-stage IV regression, which is consistent since D is endogenous given the above discussion.
The estimation result indicates that the sample selection bias does not seem to matter to our data ( Table 7) . The selection bias test statistic is estimated at 1.75, which cannot reject the hypothesis that there is a sample selection bias in the data, although there are some characteristics shared by household members who chose to work in the formal sector and 
VII. CONCLUSION
42. In recent years, there has been renewed interest in access to jobs in relation to transport connectivity. In Sub-Saharan Africa, about 14 million working age people are added to the labor market every year. Ensuring sustained access to jobs seems to be a prerequisite for inclusive and robust economic growth. In theory, the people's demand for commuting is generally determined by marginal transportation costs and where they live. And the residential locational choice is dependent on housing price gradients.
43. The current paper aims at examining the impact of public transit connectivity on access to jobs by comparing wages earned by those who commute to work and those who do not commute, using the data from Antananarivo, the capital of Madagascar, which is experiencing rapid urbanization. It is found that the wages earned by commuters were systematically higher than those earned by those who decided not to commute and presumably are self-employed or engaged with family businesses around their neighborhood.
Thus, the accessibility to jobs is important to increase household income and stimulate economic growth in the city.
44. The proximity to public transport, especially taxi-be, is instrumental to supporting the people's commuting choice. Of course, other factors, such as human capital, i.e., experiences and education, also matter to earn more. In Antananarivo, importantly, the analysis shows that there is a substantial gender inequality in wages. Women are more likely to use buses to commute, and yet, they earn less than men. In addition, the poor tend to benefit less from public transportation. The public bus services are affordable, however, they may be unavailable around their residential areas or practically inefficient because of their slow operating speed and unsafety. There are many policy issues to be improved.
